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METHODS AND CONCEPTS USED IN THE STUDY OF SHOCK* 


WILLIAM C. SHOEMAKER, M.D.** 


Many of our past concepts relating to 
shock and shock-like states were the out- 
growth of observations of a clinical 
nature upon wounded, injured or hemor- 
rhaged patients. Important as these ob- 
servations have been, there has also 
grown up as weeds about the good seed, 
an appalling amount of confusion and 
contradiction. The diversity of opinion 
regarding the treatment of shock during 
and after the first World War empha- 
sized the lack of uniformity or standard- 
ization in the methods for the investiga- 
tion of this disorder. About this time a 
committee on shock was organized by 
the National Research Council to co- 
ordinate laboratory studies!. Attempts to 
develop standardized methods were re- 
newed so that some common meeting 
ground for purposes of communication 
and comparison might be framed. 


One of the oldest methods for produc- 
tion of experimental shock consisted of 
exposure and manipulation of the intes- 
tines of an animal2. A second method 
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produced shock by trauma from tourni- 
quets placed about the lower extermi- 
ties3. Various other methods for the pro- 
duction of shock included trauma with 
a hammer or blunt instrument, aseptic 
burns produced with diathermy5, pres- 
sure on the hind leg by winding stretch- 
ed rubber tubing6, or by means of a 
vise?, long bone fracture’, and scalding?®. 


Most of these preparations have been 
largely superceded by the Wiggers or 
Western Reserve method!® which con- 
sisted of hemorrhaging animals to a 
given arterial blood pressure for a period 
of time with limits established to pro- 
duce a uniformly fatal preparation or a 
desired percentage of survivals. In small 
animals a fairly uniform tumbling injury 
or “drum shock” has been produced 
using the Noble-Collip “drum” in which 
rats of a given strain were tumbled for 
a certain specified number of times over 
a given period of time. It was after 
large scale and considered efforts that 
the latter two preparations were devel- 
oped and adopted in most laboratories 
studying shock. 


The Western Reserve preparation or 
variations of it, has been used for dogs 
and other large animals as the _ basic 
test situation. Blood samples were ob- 
tained to measure various plasma con- 
stituents and on the basis of elevation 
or depression of these plasma compon- 
ents metabolic or hemodynamic defects 
were inferred. Another approach using 
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this hemorrhage preparation employed 
comparison of the mean arterial pressure 
and the pressure in various vascular 
efflux systems draining individual or- 
gans; e.g., portal vein pressure, inferior 
vena cava pressure, central venous or 
right atrial pressure!2.-13, Cardiac output 
and total peripheral resistance were 
measured! and in some instances, blood 
flow through specific organs such as 
heart™, livers and kidney!6 have been 
estimated. 

Using strict aseptic techniques, germ 
free rats were subjected to shock!’ by 
the Western Reserve method? and by 
the Noble-Collip drum!!; the appearance 
of bacteria and bacterial products (endo- 
toxins) were observed and correlated 
with survival rates!8, Furthermore, anti- 
biotics!®, properdin levels?°, autonomic 
blocking agents?!, chlorpromazine, im- 
munization against various bacteria, etc., 
have been used in an attempt to improve 
the number of survivals. Within this 
basic preparation portal caval shunts?3, 
perfusion of the liver24 or intestines as 
well as many other experimental or 
remedial measures have been examined. 

Numerous attempts have also been un- 
dertaken to pinpoint certain biochemical 
lesions which may predispose or produce 
the lesion of irreversible shock. Among 
these investigations are the measure- 
ment of oxygen consumption?5, as well 
as bile flow, certain specific hepatic func- 
tion tests such as clearance of bilirubin, 
amino acids26, and bromsulphalein2’ as 
well as the synthesis of fibrinogen?8, pro- 
thrombin2?, and urea?6, 

Following sacrifice of the animal in 
the _ irreversible hemorrhagic-shocked 
state, liver samples have been taken in 
order to measure various intracellular 
constituents. Depression in the activity 
of the enzymes, cocarboxylase and co- 
zymase30, the depletion of glycogen and 
certain high energy chemical stores such 
as creatine phosphate, adenosine triphos- 
phate, and adenosine diphosphate3! as 
well as an increased concentration of 
creatinine, inorganic phosphate and _ ni- 
trogenous metabolities32 have been ob- 
served in the tissues. Another approach 
to a biochemical lesion has been enter- 
tained by Engel33 who used a metabolic 
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blocking agent, fluoroacetate and show. d 
that by blocking the Krebs cycle a state 
of shock could be induced. 

All of these methods or approaches 
have, in their historical past, added con- 
siderably to our knowledge and under- 
standing of the shock syndrome. But 
underlying the multipicity of studies, 
there are relatively few well-defined 
preparations or approaches to the prob- 
lem. Most of these studies have been 
done using, as a yardstick, the survival 
rate (or length of survival time) after 
hemorrhagic shock; from comparison of 
the control series with a series given an 
experimental variable, information relat- 
ing to the causes, development, or treat- 
ment of shock are inferred. 

A second more direct approach in- 
volves measurements of the physiologic 
reactions or responses of the animal or 
measurement of the circulating plasma 
constituents. Another “direct approach” 
attempts to measure tissue concentra- 
tions and in vitro reactions rates of vari- 
ous substances. Interpretations of re- 
sults by the latter method are open to 
the criticism that in vitro reactions do 
not approach normal physiological equi- 
libria conditions. Furthermore, the con- 
centration of substances taken at autopsy 
may not reflect the dynamic interrela- 
tionships of the living state, and, more- 
over, these observed changes may be the 
result rather than the cause of shock. 

The results of approaches using the 
in vivo animal in which the circulating 
plasma is measured may also be vari- 
ously interpreted. The difficulties in in- 
terpretation bear a striking similarity to 
that great controversy which raged for 
many decades regarding diabetes, i.e., 
whether the elevation in blood sugar was 
the result of overproduction or under- 
utilization of glucose. The measurement 
of plasma concentration alone sheds very 
little light on this type of question, since 
the circulating plasma concentration it- 
self represents a balahce between pro- 
duction and utilization. 

The elevation of free amino acids, 
blood urea nitrogen, glucose, lactic acid, 
pyruvic acid and the fall of fibrinogen, 
prothrombin and plasma pH suggest a 
metabolic defect but do not establish 
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where, that is, in what organ or organ 
system, this defect may be, nor whether 
it is a defect of production or utilization. 
Moreover, this approach does not answer 
the still more pressing problem of sup- 
plying a quantitative answer to the rate 
of production and the rate of utilization 
of a given plasma constituent. One can 
not assume that all cells in the body act 
similarly, that all cells, tissues, or organs 
produce, utilize, clear or destroy a given 
plasma constituent at the same rate as 
other cells, tissues or organs. 


A Proposed Approach for 
Investigation of Shock 


Amid the multiplicity of experiments 
using these two basic preparations or 
their numerous modifications and varia- 
tions, there appears to be a paucity of 
fresh and different approaches. The fun- 
damental problems of shock still remain 
unanswered: what are the factors which 
go to produce the irreversible stage in 
hemorrhagic shock?, what are the specific 
factors which are primary or causative 
and which are secondary or contribu- 
tory?, and to what extent quantitatively 
do each of these contribute to the devel- 
opment of this syndrome? We wish to 
propose a concept of regional hemody- 
namics and metabolism as an appropri- 
ate approach toward the solution of these 
critical problems. 

The characteristics of the demise from 
hemorrhage have been extensively stud- 
ied and observed; the results of numer- 
ous investigations undertaken in differ- 
ent disciplines with differing points of 
view indicate that the liver plays a pre- 
dominant role in the development of 
irreversible shock}, Fine35 has called at- 
tention to the liver as the primary locus 
for factors leading to irreversibility; Wig- 
gers points to the increased portal vein 
pressure as one of the most critical meas- 
urements of impending demise. Further- 
more, he and others have suggested or 
inferred that the hepatic resistance is 
somehow increased in normovolemic 
shock. Presumably, an increased hepatic 
resistance may be the cause or, at least, 
the harbinger of circulatory failure. 

However, actual measurement of he- 
patic resistance in the normal, unanes- 
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thetized dog as compared with the dog 
in a shocked state, await the develop- 
ment of more precise regional flow 
measurements. As Wiggers states, “Most 
of our information regarding the great 
Splanchnic Circuit still remains based on 
circumstantial rather than on quite cer- 
tain experimental evidence.”10 


In order to answer some of these ques- 
tions we36.37.38 have devised methods and 
approaches that will allow precise meas- 
urement of the hemodynamic or physio- 
logic parameters of the major organs or 
organ systems, and at the same time we 
have attempted to quantify metabolic 
reactions of these organs. Because the 
liver is the central organ of metabolism 
and because it has been incriminated as 
the primary locus of the factors leading 
to irreversibility, it was regarded as the 
logical place to start. Both the hemo- 
dynamic and metabolic defects in this 
organ are compared as well as concomit- 
ant metabolic and hemodynamic events 
occurring in other organ systems or in 
the remainder of the body. 


Using this approach these metabolic 
and hemodynamic events are measured 
in a third type of reference, namely, as 
a function of time — so that the sequence 
of events may be derived. From this se- 
quence of events information may be ob- 
tained as to which events are primary 
or causative and which events are sec- 
ondary or compensatory. Moreover, in 
this broad approach where quantitative 
regional measurements are desired, it is 
entirely possible that one may determine 
when a compensatory reaction with sur- 
vival value becomes sufficiently magni- 
fied that it becomes an overcompensatory 
reaction jeopardizing survival. 


It must be realized that shock (a poor 
term) may be considered a “waste bas- 


ket” syndrome where many different 
causes can conceivably produce the same 
irreversible outcome. The specific aim of 
our present studies are to elucidate the 
events and their mechanisms, irrespec- 
tive of whether they may be initiated by 
blood loss, bacterial action, endotoxins, 
metabolic poisons, histamine, peptone, or 
other substances which may give rise to 
an anaphylactic-like state. Even though 
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the initiating causes may be legion, it is 
hoped that there may be some physiolog- 
ical and biochemical events in common 
and that elucidation of the dynamic in- 
terrelationships governing these events 
may be of value to the understanding 
and treatment of this common surgical 
problem. 

Our distant and illusive goal, yet to 


be fully achieved, is to characterize and 
quantify each of the hemodynamic and 
metabolic events leading to the irreversi- 
ble stage of shock and then to establish 
the precise physiological and biochem- 
ical mechanisms involved in the develop- 
ment of these events. Perhaps then, 
more rational therapeutic measures may 
be entertained. 
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A TENTATIVE VIEW OF THE CAUSES AND DEVELOPMENT OF 
IRREVERSIBLE SHOCK* 


WILLIAM C. SHOEMAKER, M.D.** 


Justification for the measurement of 
regional hemodynamics and metabolism 
has been presented as an approach to- 
ward elucidation of the factors involved 
in the development of _ irreversible 
shock!. In the pursuit of this concept, 
methods and techniques were devised 
which included a method of catheter- 
izing the major hepatic vessels in the 
dogs for use in the chronic unanesthe- 
tized state2; modified and improved meth- 
ods for measurement of hepatic blood 
flow3 and a method for the perfusion of 
the liver in vivo‘. 

Initial studies on the regional metab- 
olism and hemodynamics of the dog sub- 
jected to hemorrhagic shock have been 
presented’ and compared with the re- 
sponse to neurohumeralé and other fac- 
tors known to be operative in hemor- 
rhagic shock. The hepatic microcircula- 
tion of the dog, rat and mouse during the 
development of hemorrhagic shock has 
been examined’ and the effects of the 
viscosity changes through the addition 
of high molecular dextran were ob- 
serveds, 

In this communication, a_ tentative 
hypothesis is presented which is con- 
sistent with the observed phenomena 
and which has served as our ad hoc or 
working hypothesis during these studies. 


* From the Beatrice F. and Melville N. Roth- 
schild Department of Surgical Research, Michael 
Reese Hospital and Medical Center, Chicago, Illi- 
nois. 

This work was supported in part: by grants 
from the United States Public Health Service, 
numbers A-3115 and H-4809. The assistance of 
the Upjohn Company, the Eli Lilly Company, and 
the Charles H. and Rachael M. Schwab Memorial 
Foundation is gratefully acknowledged. 


Assistant Professor of Surgery, The Chicago 
Medical School. 


The Quarterly 


Conclusions on this, or indeed, any rap- 
idly developing research area are neces- 
sarily tentative; like a cathedral which 
is always “a building” yet never com- 
pleted, research efforts are subject to 
continuous revision, modifications as 
well as major alterations. With the hu- 
mility borne of numerous experiences 
wherein tentative hypotheses have been 
modified during the course of investiga- 
tions to such an extent that they bear 
little resemblance to the initial views, 
the following broad picture is represent- 
ed as our present view of the factors 
and mechanisms responsible for the de- 
velopment of irreversible shock. 


With the onset of blood loss, initial 
compensatory changes occur; among 
these are the prompt increase in the out- 
put of catacholamines by the adrenal 
gland’. With an increase in catachola- 
mine output there occurs a redistribution 
of cardiac output producing both a high- 
er percentage of cardiac output travers- 
ing the liver as well as a greater absolute 
rate of hepatic blood flow®. With further 
blood loss, however, this increased he- 
patic blood flow due to cardiac output 
redistribution is no longer seen. There 
are at least two reasons for this; first 
and quite obviously there is less blood 
volume to redistribute and, secondly, 
with this early compensatory catachol 
effect there arises an increase in the 
hepatic venous resistance. After con- 
tinued blood loss, the hepatic blood flow 
gradually and progressively falls con- 
comitantly with the increase in resist- 
ance to flow across the hepatic vascular 
bed. 

As these flow changes take place the 
metabolic effects of epinephrine on the 
hepatic tissues itself are increasingly 
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felt. Initially, the liver may put out 
potassium and glucose although the cir- 
culating plasma potassium output of the 
liver could only be picked up by minute 
to minute observations. The influence 
on the circulating plasma potassium and 
glucose is quite small because of the 
larger reservoir of intercellular potas- 
sium throughout the body with which 
equilibrates the circulating plasma potas- 
sium. Similarly, small increases in cir- 
culating plasma glucose are quickly 
taken up by the peripheral tissues. As 
the terminal stage is approached with 
increased and increasing catachol levels 
the potassium and glucose output by 
the liver is increasingly apparent. 

At this juncture it is of aid to our 
understanding of the problem to review 
the effects of epinephrine, per se, on 
hepatic hemodynamics and metabolism. 
A small injection of epinephrine pro- 
duces an increased hepatic blood flow, 
an increased potassium output and an 
increased glucose output from the liver: 
the first two of these effects are maxi- 
mum approximately 60 seconds after in- 
jection. With the constant infusion of 
epinephrine in approximately the same 
dose one finds a slightly different se- 
quence, the potassium output by the 
liver appears to be confined to the first 
minute of the constant infusion, similar- 
ly, the hepatic blood flow is found pre- 
dominantly in the initial phase of the 
infusion although depending on the dose 
administered, an increased hepatic blood 
may be observed throughout the course 
of the infusion. 

Several explanations of these phenom- 
ena are possible. With the action of the 
catachol in producing an hepatic potas- 
sium output, certain reactions to this 
phenomena occur such that rapid re- 
equilibration of the increased plasma 
potassium occurs with intracellular po- 
tassium both in the liver and throughout 
body tissues. The second explanation 
arises from the fact that with increased 
epinephrine administration there occurs 
also an increased capacity of the organ- 
ism to destroy it. An explanation of this 
latter phenomena is found in classic de- 
scription of enzyme-substrate kinetics 
in which the enzyme is substrate de- 
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pendent. Increased substrate (in this 
case, epinephrine) concentration, there- 
fore, produces an increased activity of 
the enzyme and an increased rate of 
its destruction. Since monamineoxidase 
is present in great abundance in most 
tissues as are the enzymes which de- 
stroy epinephrine by orthomenthylation, 
the rate limiting factor is largely that of 
the concentration of the epinephrine. 
Thus, with increasing concentrations of 
the epinephrine there is an increasing 
capacity of the body to destroy it. These 
phenomena, in general, apply to a fairly 
wide range of concentrations. 

When a constant infusion of epineph- 
rine is administered there is an initial 
potassium response. If a second injec- 
tion of epinephrine is given on top of 
this continuous infusion, a second simi- 
larly short lived potassium response is 
seen. Thus, with increasing or accelerat- 
ing rates of epinephrine output (at the 
same time blood volume is_ shrinking 
due to the hemorrhage itself) the in- 
creasing concentrations of epinephrine 
will rather markedly affect both hepatic 
potassium and glucose output. This oc- 
curs with increasing intensity toward 
the terminal stage of shock and persists 
to the final agonal event. With pro- 
longed hemorrhage there appears to be 
no exhaustion of the capacity of the 
adrenal gland for continued production 
of catachols. 

With increased hepatic blood flow 
there is concomitant increase in hepatic 
venous resistance. Presumably the mech- 
anisms of these two events is the same 
epinephrine response. The increase in 
portal vein pressure and hepatic venous 
resistance is the weak link in the chain 
leading to irreversible shock. Much of 
the increased hepatic blood flow is shared 
by the abdominal viscera as well as the 
liver since the portal vein blood flow 
represents blood which has already gone 
through the nonhepatie splanchnics and 
which will eventually traverse the liver. 
Thus, the increased blood flow through 
the gut may in and of itself contribute 
to the portal venous pressure rise. This, 
together with the increased hepatic ven- 
ous resistance leads to the development 
of the well known phenomenon of se 
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questration of blood in the splanchnic 
area. Splanchnic sequestration of blood 
has been frequently stated to occur with 
shock, but the events which lead to its 
formation and the mechanisms or dy- 
namics which contribute to its develop- 
ment are ill defined and poorly studied. 
In order to examine these events in 
more detail, studies of the microcircula- 
tion were undertaken with the hope that 
some of the principal factors involved 
in a development of microcirculatory 
events could be correlated with measure- 
ments of hemodynamic events simul- 
taneously occurring in the whole organ. 


With single injection of small doses 
of epinephrine an initial increase in 
hepatic blood flow through the sinusoids 
and hepatic venous collecting system is 
readily observed microscopically; 
though it is difficult to quantify in pre- 
cise units or terms. With increasing 
doses of epinephrine, microcirculatory 
events take place in the following order. 
First, there is a slight dilitation in the 
hepatic sinusoids occurring with the in- 
crease in hepatic blood flow. Following 
this dilatation there appears to be a con- 


gestion; as the dilatation gives way to 


congestion, sinusoidal blood flow de- 
creases. The congestion first observed 
in the sinusoids, is later seen in the 
small collecting venules of the hepatic 
efflux system. 

As this reaction becomes more intense, 
a definite clumping of red cells or aggre- 
gation, is observed in the sinusoids; later, 
clumps of red cells are seen interspersed 
with clear areas of plasma. At first these 
clumps move more slowly than the nor- 
mal blood flow but as the lesion pro- 
gresses there is more aggregation, less 
movement (i.e., flow) and further pro- 
gressive involvement of the hepatic ven- 
ous efflux system. Observation of the 
sinusoids during this stage for periods 
up to a half hour or more revealed no 
movement of the red cell masses in the 
stagnant, congested sinusoids. Other 
sinusoids nearby may be sluggish but 
still have movement of red cells, or red 
cell masses. 

There are occasions when very high 
doses of epinephrine rapidly administer- 
ed produce blanching of the sinusoidal 
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areas following an initial stage of de- 
crease flow and red cell aggregation. 
This phenomenon is consistent with the 
hypothesis that epinephrine in low doses 
produces constriction of the outlet sin- 
usoidal sphincters, but after large doses 
there is a generalized constriction of the 
hepatic microcirculation including the 
portal vein system and the sinusoids 
themselves. While this latter situation 
may occur with high doses rapidly ad- 
ministered, it is probably an exception 
to the general rule that with exogenous 
administration of physiologic doses of 
epinephrine over a prolonged period or 
the prolonged increased endogenous pro- 
duction of epinephrine such as are ob- 
served in clinical states of shock result 
in red cell aggregation or sludging, de- 
creased blood flow in the sinusoids and 
hepatic congestion. 

As one observes shock by hemorrhage 
over a period of time the identical se- 
quence of events in the hepatic micro- 
circulation is observed. This again sug- 
gests that the untoward events leading 
to the irreversible stage of shock may 
largely be the effects of prolonged epi- 
nephrine stimulation. In summary, the 
animal dies in hemorrhagic shock the 
circulation does not come to an abrupt 
halt like the end of the “wonderful one- 
horse shay,” nor does it slowly coast to 
a halt as a car running out of gas. It 
stops with a definite pattern or sequence. 
In order to understand this pattern one 
must, yet again, delve into another basic 
science area in order to identify and 
evaluate the factors involved in the de- 
velopment of these microcirculatory phe- 
nomena. 

Flow of blood or any fluid through a 
rigid system of tubes has been described 
by Poiseuille. Within certain limits the 
flow of blood through blood vessels in 
biological systems is also governed by 
these laws. Poiseuille described the in- 
terrelationship between velocity, viscos- 
ity and the diameter of the tube; with 
decreasing velocity of blood flow there 
is an increased viscosity and this effect 
is related to the fourth power of the di- 
ameter of the vessel. Changes in viscos- 
ity related to alterations in flow have a 
direct relationship with the capacity of 
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the plasma to keep red cells in suspen- 
sion. This red cell suspension capacity 
is by definition inversely related to the 
sedimentation rate of the blood; sludging 
or aggregation of the red cells results 
from the inability of a moving column 
of blood to keep the red cell suspended 
in plasma. In a wider blood vessel such 
as the sinusoid, there is already a de- 
crease in velocity, and when blood flow 
or cardiac output diminishes below a 
certain critical level, then the slower flow 
rate (velocity) produces an even greater 
viscosity which results in aggregation of 
red cells. This is illustrated by the ex- 
periment where highly viscous, high 
molecular weight dextran was added to 
increase viscosity with the resultant de- 
crease in flow and aggregation of red 
cells; this defect was corrected by the 
administration of a low viscosity, low 
molecular weight dextran. 

It is most significant that these 
changes were found to take place in the 
hepatic sinusoids. They have previously 
been described in the peripheral circu- 
lation such as the sclera in burns. The 


post capillary venules comprised that 
element of the vascular tree which has 
the greatest cross sectional area of the 


circulatory tree. They have, therefore, 
the widest vessel diameter relative to the 
flow rate. Important as these peripheral 
vascular changes are, even more impor- 
tant are the changes occurring in the 
central or vital organs. 

Those factors which are operative to 
produce the lesions in the post capillary 
venules are even more operative with 
respect to the hepatic sinusoids since it 
is in the sinusoids that the rate of flow 
relative to the diameter of the vessel is 
the most critical of any area in the 
body. It is, therefore, quite easy to un- 
derstand the reasons why this lesion 
should first occur in the liver, and quite 
possibly the spleen or other sinusoidal 
organs. When this lesion occurs, more- 
over, the increased portal venous pres- 
sure is further intensified. 

This additional increase in portal vein 
pressure produces a physiological block 
or dam effect resulting in the backing up 
of blood in the splanchnic area drained 
by the portal vein. Thus, stagnation or 
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a decreased flow in this area leads to a 
repetition of the sludging phenomena in 
the post capillary venules of the splanch- 
nic microcirculation. The effect of the 
sludging of blood in both the hepatic and 
portal circulations is to reduce even fur- 
ther that volume of blood which is effec- 
tively circulating in a situation where 
the total blood volume has already been 
seriously depleted. 

Thus, a vicious cycle is set up wherein 
one element leads to the development of 
the next. With hemorrhage, decreased 
blood volume stimulates the production 
of catacholamines; the latter produce an 
increased rate of hepatic blood flow with 
an increased portal vein pressure and an 
increased resistance across the liver. The 
increased hepatic venous resistance fur- 
ther increases the portal vein pressure 
which in turn leads to hindrance to 
blood flow from the splanchnic area. 
With continued blood loss the capacity 
of these initial compensatory reactions 
are strained to a new maximum. 

There follows a critical situation with 
respect to viscosity and the diameter of 
the vessels. The hepatic sinusoid now 
becomes the weak chain in the link, and 
at a critical level aggregation of red cells 
with congestion of the hepatic sinusoid 
further compromise the flow of blood 
through this organ, backing up of blood 
into the portal circulation leading to loss 
of blood from the effective circulating 
volume by aggregation of red cells in 
the microcirculation. This leads to an 
intensified stimulation for further secre- 
tion of catacholamines. 

With congestion and impaired circula- 
tion through the liver there is also a 
functional impairment of the metabolic 
and biochemical capacities of the liver, 
and in consequence of this, acidosis, high 
potassium, accumulation of fixed acids 
and other breakdown products of metab- 
olism appear in the circulation plasma 
to produce their own insidious conse- 
quences. 

Paradoxically, the addition of blood to 
this animal after the critical stage is 
reached, instead of producing ameliora- 
tion of the situation, may actually hinder 
or retard the lesion. The addition of 
more blood to a system which has al- 
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ready had a block or a dam at the level 
of the hepatic sinusoid produces inevit- 
ably a further sequestration or pooling 
of blood in the splanchnic area. Al- 
though temporary benefit is observed in 
the blood pressure this is relatively short 
lived. 

The cycle of events leading to irre- 
versible shock might be more logically 
attacked by attempting to reverse the 
microcirculatory defect. Encouraging 
preliminary studies using low viscosity 
dextran have shown reversal of the 
sludging or red cell aggregation and re- 
storation of organ flow in the in situ, 
in vivo perfused liver’. This suggests the 
need for more experimental work in 
this area as well as a program for the 
clinical evaluation of this and other re- 
medial agents. 

The author is aware of many difficul- 
ties, objections and incompletely studied 
areas in the general scheme of the patho- 
physiology of shock as developed. Work 
is presently in process to fill some of 
these gaps: studies are being carried out 
on the effects of serotonin, neural stimu- 
lation to splanchnics and hepatic nerves, 


blocking agents, measurements of tissue 
hemoglobin, etc. The necessity of evalu- 
ating some of the critical parameters in 
patients who are in various stages of 
shock is fully appreciated. Moreover, it 
is anticipated that the proper elucidation 
of all the factors involved in the devel- 
opment irreversible hemorrhagic 
shock is more than enough to fill a life 
time of investigation. 

Results of these initial studies were 
integrated into a tentative scheme which 
is consistent with previously observed 
data. The central core of thought is that 
there is no single cause of the “state of 
shock”; rather, shock (admittedly a poor 
term) is a syndrome which may be in- 
duced by a multiplicity of specific causes. 
More important than the enumeration of 
these initiating causes (blood loss, bac- 
terial endotoxins, biochemical blocking 
agents as fluoroactate, etc.) are the elu- 
cidation of the sequence of the events 
and mechanisms involved in the develop- 
ment of the clinical syndrome. A cycle 
of events are suggested as a way of inter- 
relating these events and factors to the 
downward clinical course. 
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This report presents a survey of carci- 
noma of the female breast treated sur- 
gically from January to June of 1960 at 
Mount Sinai Hospital. The survey is a 
retrospective review of all clinical charts 
and pathologic reports of these cases, 

During this period, 27 cases of carci- 
noma and 80 non-malignant lesions were 
treated surgically by procedures rang- 
ing from simple diagnostic biopsy to 
radical mastectomy. The lesions encoun- 
tered are presented in Table I. 

The most pertinent data can readily be 
tabulated. The types of carcinomas, the 
ages of patients, location of lesions, dura- 
tion of symptoms prior to therapy, size 
of lesion and clinical and pathologic evi- 
dence of metastases in axillary nodes are 
provided in Tables II, III and IV and in 
Figure 1. 

The terminology is based on the patho- 
logic diagnosis. 

The distinction between ductal carci- 
noma and other carcinomas of particular 
types warrants emphasis. Ductal carci- 
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noma is the “garden variety” or common 
type; this group is more homogeneous 
than other groups, and makes up rough- 
ly two-thirds of this and other series of 
cases. It includes lesions described as 
infiltrating ductal carcinoma, scirrhous 
carcinoma and anaplastic carcinoma. 
These lesions are painstakingly separted 
from the carcinomas of other types be- 


TABLE I 


Surgically Treated Female Breast 
Cases, Mount Sinai Hospital 
January - June 1960 


Carcinoma 27 
Ductal Carcinomas 20 
Other Types 

Non-Malignant Lesions 80 
Benign Tumors 20 

Fibroadenoma 16 
Cystosarcoma Phyllodes 2 
Intraductal Papilloma 1 
Granular Myoblastoma 1 


Non-Neoplastic Lesions 60 
Fibrocystic Disease 54 
(with Adenosis) * (14) 
Fat Necrosis 3 
Duct Ectasia 2 
Abscess 1 
Total Cases 107 
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TABLE Il 


General Features — Ductal Carcinomas 


Breast Lesion Axillary Lymph Nodes 


Clinical Positive Nodes 
Size in Duration Lympha- Pathologic Findings 
Age Location Centimeters Symptoms denopathy Total Examined 


31 Right lateral 1.9 6 Mo. } 0/18 
aspect of areola 


50 Left upper outer . WK. 0/18 
79 Left upper outer 4 7 Mo. Ss 
39 Right upper outer i Mo. 3/24 
65 Left not described . ves Ss 


75 Right lateral : S-2/11 
aspect of areola 


56 Right upper outer : : 8/21 
55 Left upper outer ‘ ‘ 23/24 
47 Left upper inner A ; 1/18 


46 Left medial to areola ’ 3/20 
to 7 o’clock 


66 Left upper outer 2.3 ; 5/13 
62 Right upper outer 3.3 3 0/23 


32 Right upper and 3.5 , 5/42 
lower outer 


68 Right—Beneath 2.0 ; 0/10 
nipple 


63 Left upper outer 3.0 Undeter- 3/21 
mined 
32 Right upper outer Undeter- 1 Mo. < 2/35 
mined 


43 Left upper outer 3.0 3 Wk. 22/25 


51 Left upper inner 1.0 left 2 Wk.* 1/14 
Right—Not palpable 0.2 right 2/14 


67 Right upper outer 4.0 2 WK. Ss 
47 Right upper outer 15 1 Wk. 2/36 


. 53.7 Years 2.9 Cm. 4.8 Mo. 


*—_Discovered on routine physical examination. 
S—Simple mastectomy. One case had limited node resection. 
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No. 
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4 
5 
8 
9 
15 
18 
19 
‘ 
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cause of major differences in behavior 
and prognosis, not just to stress morpho- 
logic or histologic niceties. Carcinomas 
of these other types are a heterogeneous 
group which vary as widely in behavior 
as in morphology. Medullary carcinomas 
tend to be large and bulky. Lobular car- 
cinoma-in-situ is clinically undetectable 
and is found incidentally in sections of 
breast tissue excised for fibrocystic di- 
sease. The ductal carcinoma beneath the 
weeping, crusted, eczematoid nipple and 
areola in Paget’s disease cannot always 
be delineated by palpation. 


ing conclusions, it appears to be repre- 
sentative of larger series. Comparison 
with one reference series of 766 cases 
(Table V) reveals a similar incidence of 
ductal carcinomas, a similar age _ inci- 
dence and a similar percentage of axil- 
lary metastases!. The smaller size of 
lesions and the shorter duration of symp- 
toms prior to therapy of the Mount Si- 
nai series is discussed more appropriate- 
ly later in relation to symptoms and 
signs. 

The chief complaints of patients with 
ductal carcinomas are recorded in Table 


TABLE Il 


GENERAL FEATURES 


Carcinomas of Particular Types 


Type Age 


Medullary 49 


Medullary 60 
Papillary 46 
Intraductal 

Colloid 61 


Pagets 63 
Lobular CA-in-Situ) 44 


Lobular CA-in-Situ 


The outstandingly important difference 
between these two broad groups is the 
higher incidence of lymph node metasta- 
ses and the poorer prognosis of the duc- 
tal carcinomas. In this series axillary 
lymph node metastases were present in 
13 of 20 cases (65%) of ductal carcinomas 
whereas no axillary metastases were 
found in the other carcinomas of particu- 
lar types. The presence of lymph node 
metastases is the most important single 
factor of prognostic significance in breast 
carcinoma. 

Although this small series does not per 
se provide a statistical basis for sweep- 
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Duration of Symptoms 


3D 


2M 
2 W 


4W 
2Y 


None due 
to ‘CA, 


None due 
to CA. 


Size Axillary Nodes 


1.8 cm. 0/12 


aside cyst 
6.0 cm. 
+3 cm. 


0/12 
0/22 


0/19 
0/20 


1.5 cm. 


No gross 
mass 


Gross fibro- s 
cystic disease 


Gross fibro- Ss 
cystic disease 


VI. Only one of these cases was first 
detected by routine physical examina- 
tion of an asymptomatic patient. Of the 
remaining nineteen, one patient reported © 
with an initial complaint of weakness; 
all of the others presented with symp- 
toms localized to the breast as outlined 
in Table VII. Approximately 15% of the 
patients had an initial complaint of nip- 
ple discharge and 20% had pain or ten- 
derness of some sort. Only one case had 
a bloody nipple discharge. 

Carcinomas of particular types are too 
heterogeneous a group to warrant anal- 
ysis of symptomatology. 
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In practice the most important diag- 
nostic feature of breast carcinoma is the 
mass. By the time of surgery all of our 
cases of ductal carcinoma had a palpable 
mass. The location of the carcinomas is 
depicted in Figure 1. Other symptoms 
are usually relevant largely in relation- 
ship to their association with the mass. 
Although Haagensen! cites instances of 


present with smaller lesions. Such a 
trend explains the shorter duration of 
symptoms and the smaller average size 
of lesions in the Mount Sinai series of 
1960 contrasted with the Presbyterian 
series in Table V which’ includes cases 
from 1915 to 1942. 

In order to ascertain whether obvious 
changes in our breast carcinoma cases 


TABLE IV 


The Axillary Nodes in Carcinoma of No Special Type 


THE CLINICAL ASPECT 
Clinically palpable nodes* 


Metastases confirmed pathologically 


No metastases pathologically 


Simple mastectomy. No nodes submitted 


Clinically non-palpabale nodes 
Metastases found pathologically 
No metastases pathologically 


Simple mastectomy. No nodes submitted 


THE PATHOLOGIC ASPECT 

Pathologically demonstrable metastases 
No clinically palpable nodes 
Clinically palpable nodes 

Pathologically negative for metastases 
No clinically palpable nodes 
Clinically palpable nodes 


No nodes submitted. Simple mastectomy 


“One simple mastectomy with nodes removed. 


detection of masses as small as 0.5 cm. by 
patients and by examining physicians, 
only one of our eighteen cases of ductal 
carcinoma had a mass less than 1.9 cm. 
on pathological examination. The clinic- 
al estimate of tumor size is usually at 
least 1 cm. greater than the measure- 
ment reported by the pathologist. 
Haagensen! has cited data which sug- 
gest that during the past several decades 
patients seek medical advice sooner and 
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have occurred in more recent decades, 
the age, size of lesion and the duration 
of symptoms of cases of ductal carci- 
noma during an equivalent time period 
in 1940, 1950 and 1960 were compared. 

The only significant change detected in 
our available material in 1940, 1950 and 
1960 (Table VII) is the shortening of the 
duration of symptoms prior to treatment 
from slightly over one year in 1940 to 
less than 6 months in 1950 and 1960. 
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Indeed 8 of 20 patients in 1960 had symp- 
toms less than one month prior to sur- 
gical therapy. Nevertheless, the shorter 
average duration of symptoms is not 
associated with a reduction of average 
size of the lesion as measured by the 
pathologist during the immediately past 
twenty years. 

In our opinion, this study further dem- 


carcinoma with emphasis on self exam- 
ination. The most valuable source of 
cancer education programs is the Ameri- 
can Cancer Society and its affiliates. In 
our opinion, the great value of such pro- 
grams can be measured by the shorten- 
ing of the duration of symptoms of pa- 
tients prior to seeking medical advice. 
In no instance in this series was a fal- 


Fig. 1 


Location of 21 


7.3 
RIGHT 11 


Ductal Carcinomas in 20 Patients 


7% 
LEFT 10 


RECAPITULATION 


Upper outer 
Periareolar 
Upper inner 


Upper and lower outer 


Not specified 


onstrates the importance of recognition 
of symptoms and signs by the patient. 
It is almost always the patient who first 
recognizes the symptoms or signs which 
lead to diagnosis and therapy. Patient 
awareness and co-operation depend upon 
patient education. Thus there is an obvi- 
ous continuing need to educate women 
about the symptoms and signs of breast 
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lacious policy of watchful waiting adopt- 
ed by an attending physician. No exam- 
ple of delay in therapy attributable to a 
physician was encountered. 

No correlation between the size of the 
primary tumor and the number of node 
metastases was apparent in this series. 
In studies of very much larger series 
from the literature there is some correla- 
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tion between primary size and node 
metastases2. When small primary tu- 
mors are associated with prominent node 
metastases, the tumor is presumed to be 
more highly malignant. 

Clinically detectable lymphadenopathy 
correlates poorly with pathogically dem- 
onstrable metastases in axillary nodes in 
this series. In 10 cases metastases were 
found by the pathologist although no 
clinically detectable lymphadenopathy 
was present. In 2 cases clinically palpa- 
ble lymph nodes contained no metasta- 
ses. In one 65 year old female clinically 
positive lymphadenopathy could not be 
evaluated pathologically because only a 
simple mastectomy specimen without 


nodes was available. In 4 cases without 


Number of Cases 


TABLE V 


Comparison of Mount Sinai Hospital Cases of Ductal Carcinoma 
with a Large Reference Series 


patients. Deeply placed nodes moderate- 
ly enlarged by metastases may not be 
detected on palpation by an experienced 
observer in an obese patient. 

Any attempt to evaluate the accuracy 
of clinical diagnosis must give due con- 
sideration to several important factors. 

First, the eighty non-malignant lesions 
admitted for surgical excision or biopsy 
are not representative of the incidence of 
these lesions in general practice. More 
overtly benign lesions, particularly fibro- 
cycstic disease, are excluded by family 
doctors and consulting surgeons. The be- 
nign lesions which pass _ preliminary 
screening for surgery include a high inci- 
dence of cases of fibrocystic disease with 
at least one firm, prominent mass (the 


of Ductal Duration Percentage 
Period of Carcinomas of Percentage of Average Average Symptoms of Axillary 
Hospital Study Breast Cancer Total Cases Age Size in Months Metastases 


Presbyterian 
New York City 


1915-1942 


766 


Mount Sinai 
Chicago 


clinical lymphadenopathy, no metastases 
were found pathologically in 2. The oth- 
er 2 were treated by simple mastectomy 
and no nodes were available for patho- 


In 3 eases of clinically de- 
metastases 


logic study. 
tectable lymphadenopathy, 
were confirmed pathologically. 
In this series as in most larger series 
only pathological examination of nodes 
provides accurate data regarding metas- 
tases. The reason for most of these dis- 
crepancies is the fact that clinical pal- 
pability depends on the size and consis- 
tency of a node within a bed of adipose 
tissue. Reactive hyperplasia of nodes 
may produce prominent nodes in the 
axilla of thin patients. Small metastases 
may be impossible to feel even in thin 
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70.7 50 


1960 20 74.0 53.7 


4.9 8.3 66.4 


syndrome of the predominant 


lump) 
which the surgeon cannot distinguish 


with reasonable certainty from carci- 
noma. This is reflected by the fact that 
almost half of the cases reported as 
fibrocystic disease by the pathologist 
were described preoperatively by the 
surgeon with the non-committal term 
“tumor.” 

Second, carcinoma may be masked by 
coexistent benign disease. At least five 
carcinomas in this series were complete- 
ly masked by coexistent fibrocystic di- 
sease and hence first diagnosed by the 
pathologist. In the large series of 1434 
local excisions for clinically benign 
lesions at Memorial Hospital between 
1945 and 1948, frozen section examina- 
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tion revealed 154 cancers (approximate- 
ly 10% of the cases). Of particular im- 
portance is the fact that cases which 
were clinically undiagnosed had a better 
salvage rate than the group of clinically 
overt carcinoma. 

Third, it is generally acknowledged 
that certain lesions sometimes cannot be 
satisfactorily differentiated from carci- 
noma without biopsy and frozen section 
pathological examination confirmed by 
routine sections. In this study such le- 
sions included fibrocystic disease with 
the syndrome of the predominant lump, 
adenosis of the sclerosing variety, granu- 
lar myoblastoma, fat necrosis and cysto- 
sarcoma phyllodes. 

Routine diagnostic biopsy at this insti- 
tution is usually a total excisional biopsy 
whenever feasible. This ideal can almost 
invariably be achieved when the surgeon 
deals with firm, discrete lesions of mod- 
erate size. Several surgeons, however, 
prefer incisional biopsy. 

A brief review of frozen section diag- 
nosis is necessary at this point. Frozen 
section diagnosis has been highly accur- 
ate in this series. No false positive diag- 
noses were made. All submitted cases 
of carcinoma of no special type were 
correctly diagnosed as were all other 
submitted carcinomas. Lobular carcino- 
ma-in-situ. was suspected but paraffin 
section confirmation was requested. To 
offer maximum assistance to the surgeon 
it is the policy of the Department of Pa- 
thology to offer unequivocal positive or 
negative diagnoses or to withhold inter- 
pretation pending rapid paraffin sections 
if diagnosis is equivocal. The Depart- 
ment is particularly wary in cases of 
sclerosing adenosis, papillary intraductal 
lesions and lobular carcinoma-in-situ. Be- 
cause of the crucial importance of frozen 
section diagnosis, this task is done only 
by senior pathologists. 

It must also be noted that early during 
the study period several lesions which 
were not submitted for frozen section 
were first diagnosed as carcinoma by the 
pathologist. 

Needle aspiration biopsy and cytologic 
examination of nipple discharge were 
not done in any case during the study 
period. We have regarded them as be- 
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ing of insufficient diagnostic value to 
warrant further evaluation by us. 

Although it would seem a simple mai- 
ter to determine the accuracy of clinical 
diagnosis by comparing the admission 
diagnosis of the referring physician and 
the pre-operative diagnosis of the operat- 
ing surgeon with the final pathologic 
diagnosis, in practice it proved impossi- 
ble to do so for three reasons which 
have already been discussed. Non-com- 
mittal terminology was commonly used 
prior to actual biopsy. The unqualified 
term “tumor” was utilized in the records 
to cover indeterminate or suspicious 
masses warranting biopsy; it was the 
pre-operative diagnosis in approximately 
half of the carcinoma cases and half of 
the cases of fibrocystic disease. What 
may superficially appear as a diagnostic 
dilemma is resolved on the clinical level 
very simply. In practice, every inde- 
terminate breast mass warrants biopsy 
by the surgeon and frozen section exam- 
ination by the pathologist. 

All carcinomata except lobular carci- 
noma-in-situ were treated preferentially 
by radical mastectomy. In four instances 
ductal carcinoma was treated by simple 
mastectomy usually because of senility, 
gravity of surgical risk or presence of 
distant metastases. No cases have been 
treated by supra-radical mastectomy. 

Post-operative rehabilitational exercise 


TABLE VI 


Chief Complaint in Ductal 
Carcinoma 


Mass only* 11 
Nipple discharge 
Bloody 
Not bloody 
Pain and/or tenderness 
Weakness 
No complaint** 


* In all cases a palpable mass was detected 
preoperatively by the surgeon. 
**Discovered on routine examination. 
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is of great importance after radical mas- 
tectomy. Many of the cases were re- 
ferred to the Department of Physiother- 
apy for supervised exercise. 

The staff is well aware of the psycho- 
somatic importance of mastectomy. The 
responsibility of the physician in this 
sphere is not dismissed merely by selec- 
tion of a new breast form. The art of 
managing the psychologic aspects of the 
problem is beyond the scope of this dis- 
cussion. 

Irradiation in this series was exclu- 
sively a post-operative measure. It is 
requested routinely by the surgical de- 
partment for all cases with axillary 
lymph node metastases. There are, how- 
ever, other important indications. These 
include invasion of adjacent tissues, such 
as the skin, the pectoralis fascia or 
muscles, and location of the primary 
tumor in one of the inner quadrants or 
the central: position. Post-operative ir- 
radiation should also be carried out in 
cases showing intra-vascular extension, 
be it lymphatic or venous, as well as for 
the highly anaplastic types of carcinoma. 

The Department of Therapeutic Radi- 
ology usually accepts all referred post- 
operative cases for treatment unless par- 
ticular contra-indications are present. 
Radiotherapy is varied in accord with 
the indications. In most of these cases, 
irradiation is directed towards both the 
regional lymph node areas and the chest 
wall, delivering tumor doses of 3,500r to 
the axilla, 3,000r to the supraclavicular 
area in 30-35 days, and a maximum of 
about 2,500r to the chest wall in 17-21 
days. In cases with histologically nega- 
tive nodes or equivalent findings, the 
lymph nodes but not the chest wall, are 
irradiated. Special attention is paid to 
the internal mammary chain of nodes 
in tumors located in the medial half of 
the breast. 

Pre-operative irradiation was not util- 
ized for any case in this series. It is 
rarely planned as such, but usually 
evolves as the primary treatment in 
seemingly inoperable cases which may 
thereafter be re-evaluated as suitable for 
surgery. 

Castration is rarely done as an immed- 
iate post-mastectomy prophylactic meas- 
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TABLE VII 


Comparison of Features of Ductal 
Carcinomas at Different 
Time Periods 


Age Sizein Cm. Duration in Mo. 


47 3.1 
54 3.3 
53.7 2.9 


12.4 
2.8 
4.8 


ure. Three patients in this series were 
subjected to prompt post-mastectomy 
oophorectomy. In 3 additional cases, cas- 
tration was carried out by pelvic irradia- 
tion. No dependable objective criteria 
for selection of patients for castration 
are available although a combination of 
youth and extensive axillary lymph 
node metastases or anaplastic type of 
growth are among the indications sug- 
gested. This reflects the broader biolog- 
ic fact that hormonal dependance cannot 
be determined in individual cases at 
present by morphologic criteria. 

Routine prophylactic castration in all 
pre-menopausal cases was recommended 
at the recent Fourth International Can- 
cer Conference in Minneapolis but cur- 
rent practice in this institution favors 
the alternative of reserving castration 
until the appearance of systemic metas- 
tases or local recurrence. 


SUMMARY 


The panorama of symptomatology, diag- 
nosis and therapy of all cases of breast 
cancer treated at Mount Sinai Hospital 
from January to June of 1960 is reviewed 
in an attempt to summarize concepts of 
practical importance to physicians deal- 
ing with breast cancer which is the com- 
monest malignant tumor of women. 
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PHAGOCYTIC DEFENSE MECHANISM 


NORMAN A. LASKY, A.B.* 


Phagocytosis may be broadly consid- 
ered as the process of ingestion and di- 
gestion by cells. Most of the cells of the 
body which are concerned in some way 
with nutrition possess this property and 
the particles which are ingested in this 
process include other cells, bacteria, bits 
of dead tissue, and many foreign par- 
ticles. 

In the 1850’s this phenomenon was 
first observed by zoologists, but it was 
not until 1886 that this process was aptly 
named and described by Elias Metchni- 
koff. Metchnikoff was a Russian scien- 
tist who, while observing intracellular 
digestion in a starfish, noticed the pres- 
ence of many “wandering cells” which 
exhibited amoeboid motility. The func- 
tion of these cells at first appeared vague, 
but Metchnikoff postulated that they 
must be connected in some way with 
the defense mechanism of the body. 

This theory was supported by the ac- 
cumulation of these “wandering cells” 
around a rose thorn, which he _ intro- 
duced into the starfish skin. After other 
similar experiments, he concluded that 
these cells would appear in any area of 
local injury or infection for defense 
against harmful microorganisms. 

Metchnikoff named these cells phago- 
cytes, from the Greek phagein—to eat, 
and kytos—hollow cell. (DeKruif.) The 
phagocytes, along with cells producing 
antibodies, sinusoids, lymphoid tissue, 
lymphoid organs, and lymphoid vessels, 
comprise the “defense system of the 
body.” (Bargmann.) 

The phagocytic defense mechanism 
may be seen to consist of three phases: 
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(1) chemotaxis, (2) phagocytosis per se, 
or engulfment, and (3) digestion of in- 
gested materials. This paper is devoted 
mainly to the second phase, phagocytosis 
per se, and also to a slight degree with 
the preparatory phase of chemotaxis. 


Chemotaxis is a reaction by which the 
direction of locomotion of cells or or- 
ganisms is determined by substances in 
their environment. Chemotaxis is posi- 
tive if the direction is toward the stimu- 
lating substances and negative if it is 
away from the stimulating substance. 
Therefore, this reaction may be consid- 
ered a directional response to chemical 
stimuli which plays a major role in de- 
termining the rates at which particles 
suspended in circulating blood are 
brought in contact with phagocytes. 
Consequently, there must also be an im- 
portant relation to the selectivity of 
phagocytosis. This will be dealt with 
more completely under opsonization and 
the effect of the particle in the environ- 
ment on phagocytosis. (McCutcheon. ) 

What then is the relation between 
chemotaxis and phagocytosis per se? 
First, it must be stated that chemotaxis 
does not necessarily precede phagocyto- 
sis. That is, it is not true that a bacter- 
ium must attract a phagocyte from afar 
before it can be engulfed. Many par- 
ticles, such as inorganic carbon and 
silica, do not attract the phagocytes, but 
rather are engulfed after chance encoun- 
ters with them. Also, monocytes, the 
most voracious of the phagocytes, are not 
known to be attracted by substances in 
their environment. It should also be 
mentioned that chemotaxis is not always 
followed by phagocytosis. Polymorpho- 
nuclear leukocytes are attracted by dead 
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cells; however, they do not engulf them 
after this positive chemotaxis occurs. 

The mechanisms of chemotaxis and 
phagocytosis are also different. Phago- 
cytosis depends on the ability of the leu- 
kocyte to spread on the object to be en- 
gulfed. This spreading is greatly aided 
by specific antibodies known as tropins. 
Tropins, however, play no part in chemo- 
taxis, and it is more than likely a non- 
specific reaction which is stimulated by 
antigens but not by antibodies. Chemic- 
ally, chemotaxis is not a spreading reac- 
tion like phagocytosis, but it is depend- 
ent upon complicated sol-gel transforma- 
tions in different parts of the cell body. 
(McCutcheon. ) 

The second phase of the phagocytic 
defense mechanism, phagocytosis per se, 
should be viewed from three aspects: 
(1) the phagocyte, (2) the ingested par- 
ticle, and (3) the environment in which 
ingestion takes place. 

Phagocytes may be divided into two 
classes: (1) the microphages and (2) the 
macrophages. The former class consists 
of the polymorphonuclear leukocytes, 
which are small and ingest mainly bac- 
teria. The neutrophilic polymorphonuc- 
lear leukocytes are more phagocytic than 
the eosinophils or basophils; in fact, the 
eosinophils are rarely found to be phago- 
cytic. The vounger of the mature granu- 
locytes are the most effective phago- 
cytes, and an increase has been noticed 
in the phagocytic potential of these gran- 
ulocytes in anemic animals. 

Diminished phagocytic activity has 
been observed in granulocytes among 
infants, myeloid leukemia patients, ani- 
mals made deficient in vitamins B or C 
or in proteins, patients on corticotropin 
or cortisone therapy, and in stored blood. 
Phagocytic activity also has been noticed 
to be dormant under 15°C, increased as 
37°C is approached and decreased above 
40-42°C. (Wright and Dodd.) 

The second class of phagocytes, the 
macrophages, are large mononucleated 
cells which are largely scavengers ingest- 
ing dead tissue and degenerated cells. 
It is believed that monocytes are poten- 
tially macrophages when they leave the 
blood .stream, and under pathological 
conditions they may fuse to form a for- 
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eign body giant cell. 

However, macrophages of tissue and 
those developed from blood cells are also 
important in the disposal of noxious 
agents. They are scattered in the various 
connective tissues of the body and they 
make up the system of macrophages or 
the reticulo-endothelial system. Included 
in this system are: (1) macrophages of 
loose C. T., (2) phagocytic reticular cells 
of lymphatic tissue, myeloid tissue and 
spleen, (3) Kupffer cells in the sinusoids 
of the liver, (4) cell lining of the adrenal 
cortex and anterior lobe of the hypophy- 
sis, (5) certain perivascular cells, and (6) 
“dust” cells of the lung. 

The functions of macrophages and 
microphages overlap and are co-ordi- 
nated in such a way that they even may 
compensate for each other. Their mech- 
anisms are fundamentally similar and 
their differences may be said to be topo- 
graphical rather than physiological. 

Also of great importance in phagocyto- 
sis per se is the particle to be ingested. 
The production of antiphagocytic factors 
by bacteria may inhibit their ingestion. 
This capacity is frequently associated 
with bacterial virulence, or the ability 
to parasitize and invade animal tissues. 
This, therefore, may be considered a 
negative chemotaxis, and it is in this 
element of phagocytosis that the spe- 
cificity of this process is determined. 

There are certain substances occurring 
in the blood serum known as opsonins, 
whose action is to make microorganisms 
and other cells more attractive to the 
phagocytes. This has been known since 
Metchnikoff’s time as the opsonic func- 
tion of antibody. Certain opsonins are 
present in normal serum and act on all 
organisms. Others are formed in re- 
sponse to certain stimuli and are specific 
for one bacterial species only. There are 
also some non-antibody proteins which 
are not found in the serum, such as 
fibrin and globin, which act as non- 
specific opsonic agents. 

Other substances such as tannin, cer- 
tain enzymes, and certain viruses which 
increase erythrocyte phagocytosis in nor- 
mal serum are not considered opsonins, 
yet they produce the same effect. These 
substances, when introduced onto the 
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erythrocyte’s surface, bring certain anti- 
gens to the cell surface, which in turn 
attracts normal antibodies in normal 
serum. These antibodies then proceed 
to act as opsonins. (Wright and Dodd.) 

Knisely, in his study of selective pha- 
gocytosis in the liver sinusoids of frogs, 
observed that some kinds of particles 
were not ingested by the hepatic phago- 
cytes (the Kupffer cells). To determine 
the cause of this selectivity he injected 
Higgins India Ink into the blood of the 
frogs. The ink particles immediately re- 
ceived a coating which separated them 
from the blood stream. The outer sur- 
face of this coating was not sticky to 
red cells or normal undamaged vascular 
endothelium. The hepatic phagocytes se- 
lectively ingested those particles which 
were coated, regardless of what was in 
them. Knisely, therefore concluded that 
the presence of the coating was sufficient 
to make the particles ingestible, and this 
coating determined the selectivity of in- 
gestion by these stationary phagocytes. 

Another important element in the con- 
sideration of this phase of the phago- 
cytic defense mechanism is the environ- 
ment. Most standardized tests in which 
phagocytosis is viewed on a smooth glass 
surface do not offer the proper in vitro 
environment for correct observation of 
this process. For this is not the same 
as the rough surfaces present in vivo. 
This factor is mainly responsible for the 
erroneous conclusions often derived from 
observations of phagocytosis. (Wright 
and Dodd.) 

In the body, the microphages move in- 
travascularly, in the blood current, 
where they are responsible for stopping 
the bacteria causing acute infections. On 
the other hand, bacteria causing chronic 
infections do most of their damage intra- 
cellularly. The microphages may be seen 
moving in the blood current in a rolling 
fashion and at this point are not actively 
phagocytic. However, the entrance of 
bacteria into the blood causes these gran- 
ulocytes to stick to the endothelium of 
capillaries and assume amoeboid motil- 
ity. They are then potentially phago- 
cytic. 

Intravascular phagocytosis may be ac- 
complished in three ways without spe- 
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cific opsonization: (1) the particle may 
be trapped by a phagocyte against the 
endothelium, (2) the particle may he 
caught between two adjacent leuko- 
cytes, (3) or the particles may be caught 
in small fibrin deposits along the capil- 
lary wall and then phagocytized by the 
granulocytes. Therefore, intravascular 
phagocytosis varies inversely with the 
rate of blood flow; the slower the blood 
flow, the greater the chance of particles 
encountering phagocytes and being 
trapped by them. 

Surface phagocytosis depends on the 
existence of rough, sticky surfaces so 
the leukocyte can successfully pin the 
particles and engulf them. Consequent- 
ly, the compact tissue of the spleen, 
lymph nodes and liver, is most suitable. 
and open cavities, where chance of con- 
tact is not as great, are less effective. 
(Wright and Dodd.) 

Knisely has observed that in the liver 
of a frog, all sinusoid lining cells are 
phagocytic and when bumped or rubbed 
by a coated particle contain that particle 
instantly. The amoeboid engulfment 
usually attributed to the phagocytes was 
not exhibited. Also, in the case of these 
coated particles, the rate of the blood 
flow did not have to be slow or station- 
ary for phagocytosis to take place. 

The mechanisms of phagocytosis de- 
serves brief mention at this point. They 
are classically attributed to surface ener- 
gy and electrostatic charge. 

In experiments dealing with the sur- 
face energy, the introduction of surface 
activating agents, substances which 
lower surface tension, onto the phago- 
cyte or the particle, produced different 
results. When the surface of the phago- 
cyte was treated there was an increase 
in phagocytic activity, whereas, treat- 
ment of the particle with the same agents 
resulted in a decreased activity. Treat- 
ment of both the phagocyte and the par- 
ticle resulted in no change in phago- 
cytic rates. However, the introduction 
of non-surface activating agents of simi- 
lar chemical composition produced the 
same results. It was, therefore, conclud- 
ed that there is little relation between 
lowering of surface tension and phago- 
cytic stimulation. It should be mention- 
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ed, however, that there are no known 
methods for determining interfacial ten- 
sion between the surfaces of the phago- 
cyte and the particle. 

Studies concerning the _ electrostatic 
charges on the particle and the phago- 
cyte have resulted in similar inconclu- 
sive observations. Serum is known to 
decrease the electrostatic charge on bac- 
teria, and these cellular particles with 
lessened charge are more susceptible to 
phagocytosis. However, it was also ob- 
served that leukocytes are negatively 
charged. Therefore, the validity of this 


theory has been questioned because these 
two negatively charged particles are at- 
tracted to each other. But if means 
were available for measuring localization 
of charges rather than total surface 
charges, these theoretical mechanisms 
might be more tenable. In fact, there is 
some evidence that the charges on the 
phagocyte’s surface do vary in a mosaic 
pattern. It has also been suggested that 
this mechanism is not physical in nature, 
but rather biochemical. (Wright and 
Dodd.) 
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ABSTRACTS 


POZZA, G., GALANSINO, G., HOFFELD, H., 
and FOA, P. P. (Dept. of Physiol. and Pharma- 
cology, The Chicago Medical School): Stimulation 
of Insulin Output by Monosaccharides and Mono- 
saccharide Derivatives. Am. J. Physiol. 192(3): 
497-500, 1958. 


The ability of various sugars and close- 
ly related substances to stimulate insulin 
secretion was studied by means of pancreatic- 
femoral cross-circulation experiments between 
hepatectomized donor dogs and normal recipients. 
In other experiments, the test substance was 
injected directly into the pancreatic artery of 
normal dogs. The administration of d-galactose 
or d-ribos was followed by a prompt hypogly- 
cemia, suggesting insulin secretion; d-arabinose 
caused an unexplained delayed hypoglycemia, 
while d-fructose, d-mannose, d-xylose, |-arabi- 
nose, 3-methylglucose, d-glucosamine, galactu- 
ronic acid and saline had no effect. The tenta- 
tive hypothesis that insulin secretion is stimu- 
lated by sugars which are both utilizable and 
insulin-sensitive is offered. No relationship be- 
tween chemical structure and ability to cause 
insulin release was found. 


* * * * 


RYAN, A. H., SOREN, S., COHEN, S. G. and 
WEIL, W. (Dept. of Physiol. and Pharmacol.): 
Effectiveness of a Chelating Agent in Terminat- 
ing Cardiac Arrhythmias Induced by Acetyl 
Strophanthidin. 


Arrhythmias induced in cats by divided doses 
of acetyl strophanthidin (AcS) usually terminate 
automatically within a few minutes. Their dura- 
tion may be greatly prolonged by 2 procedures: 
first, by causing repeated episodes of ar- 
thythmias, in which case, the duration usually 
becomes much longer with smaller doses of drug 
and, second, by giving digitoxin (0.175-0.2 mg/kg 
im.) on the day prior to the injections of AcS, 
the latter method resembling the conditions under 
which AcS is employed clinically as a digitalis 
tolerance test. Under the former procedure ethyl- 
ene diamine tetra-acetic acid di-potassium salt 
(K-EDTA) in doses of 5 to 20 mg/kg is usually 
effective in terminating the arrhythmias (13 suc- 
cesses and 4 failures with 11 cats). When a 
near toxic dose of digitoxin preceded the toxic 
doce of AcS, the latter drug was eliminated in- 
dependently at approximately the same percent 
of drug per unit of time as when present alone, 
but the arrhythmias persisted much longer. In 
such experiments the effect of K-EDTA was less 
satisfactory (7 successes and 12 failures). The 
mean lethal dose of AcS, when K-EDTA was 
given, concurrently, intravenously, was .1717 + 
S.E. 0.0092 mg/kg for 10 cats, while the mean 
lethal dose of AcS alone, in 5 control cats, was 
0.1337+S.E. 0.0068 mg/kg. The difference be- 
tween the two means is statistically significant. 
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DASLER, WALDEMAR and MILLISER, RUS- 
SELL V. (The Chicago Medical School): Osteo- 
lathyrogenic-like Action of Some Chemicals. 


Feeding sweet peas, B-aminopropionitrile 
(BAPN), or animnoacetonitrile to weaning rots 
produces osteolathyrism. Two non-nitriles have 
previously been reported to produce similar 
skeletel changes, viz., semicarbazide (Proc. Soc, 
Exper. Biol. & Med., in press) and B-mercapto- 
ethylamine (cysteamine) (ibid. 88:196, 1955). The 
lathyrogenic activity of the latter compound has 
been questioned (Ponseti et al., ibid. 92:366, 
1956), but was confirmed again with several dif- 
ferent commercial lots of the hydrochloride, the 
purity of which was checked by iodimetric titra- 
tion. Cystamine dihydrochloride, when fed at 
0.3-0.5% levels, and acetone semicarbazone pro- 
duced similar skeletal lesions. Preliminary micro- 
scopic observations on aortas and bones will be 
reported. Less severe spinal curvatures were 
produced in rats by p-hydrazinobenzoic acid, 
4,4-diphenyl semicarbazide, 1,5-diphenyl carba- 
zide, and 1,3-diethyl-2-thiourea. These substances 
caused little or no exostosis formation on mandi- 
bles or femurs. Thiosemicarbazide produced a 
severe kyphosis different in character from the 
spinal curvatures produced by any of the above 
substances. Rats fed thiosemicarbazide devel- 
oped a severe dorsal hump in the lower thoracic 
area without the sharp ventral dips seen in rats 
receiving BAPN or semicarbazide. Roentgeno- 
logically the vertebrae appeared normal and no 
femoral or mandibular exostoses were observed. 
These animals also exhibited severe atrophy of 
the muscles. (Aided by PHS Grant No. A-1427.) 


* * * * 


POZZA, GUIDO, GALANSINO, GIORGIO, HOF- 
FELD, HARVEY and FOA, PIERO P. (Dept. of 
Physiol. and Pharmacol.,): Stimulation of Insulin 
Output by Movrosaccharides and Monosaccharide 
Derivatives. Am. J. Physiol. 192(3):497-500. 1958. 


The ability of various sugars and closely re- 
lated substances to stimulate insulin secretion 
was studied by means of pancreatic-femoral 
cross-circulation experiments between hepatecto- 
mized donor dogs and normal recipients. In 
cther experiments, the test substance was in- 
jected directly into the pancreatic artery of 
normal dogs. The administration of d-glucose, 
d-galactose or d-ribose was followed by a prompt 
hypoglycemia, suggesting insulin secretion; d- 
arabinose caused an unexplained delayed hypo- 
alvcemia, while d-fructose, d-mannose, d-xylose, 
J-arabinose, ?-methvlglucose, d-glucosamine, aa- 
lacturonic acid and saline had no effect. The 
tentative hypothesis that insulin secretion is 
stimulated by sugars which are both utilizable 
and insulin-sensitive is offered. No relationship 
between chemical structure and ability to cause 
insulin release was found. 
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DASLER, WALDEMAR and MILLISER, RUSSELL 
V. (Depts. of Biochem. and Pathol.): Experimental 
Lathyrism in Mice Fed Diets Containing Sweet 
Peas or B-aminopropionitrile. 


1) Weanling, male, albino mice were more 
resistant to the skeletal effects of diets containing 
sweet peas or B-aminopropionitrile (BAPN) than 
were rats. They also showed a much greater 
individual variation in susceptibility to the skele- 
tal effects of such diets. At sufficiently high 
levels of BAPN, however, both skeletal and 
aortic lesions occurred. The mocroscopic changes 
occurring in the aorta are described in detail. 
2) Paraphymosis also occurred, but the paralysis 
and urinary retention often seen in rats receiv- 
ing similar diets were not observed. 


* * * * 


DASLER, WALDEMAR (Dept. of Biochem.): Pro- 
duction of Semicarbazide of Gross Skeletal 
Changes in Rats Similar to Osteolathryism. 

Semicarbazide HCl, when fed to weanling male 
rats, produced gross skeletal lesions similar to 
those of osteolathyrism. Aortic damage seemed 
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to develop more slowly and to be less severe 
than in rats treated with BAPN or aminoaceton- 
itrile and having skeletal lesions of comparable 
severity. 


* * * * 


DASLER, WALDEMAR and MILLISER, RUS 
SELL V. (Depts. of Biochemistry and Pathology): 
Osteolathyrogenic Action of Mercaptoethylamine 
and of Cystamine. 


The osteolathyrogenic action of §-mercaptoe- 
thylamine (cysteamine), when fed to rats as the 
hydrochloride, was confirmed. Cystamine was 
found to have similar properties. Gross and mic- 
roscopic skeletal changes were similar to those 
produced by osteolathryrogenic nitriles. Aortic 
lesions were less severe than when §-aminopro- 
pionitrile is fed, but medial swelling and lysis of 
elastic fibers were observed. These substances 
showed a narrow range of osteolathyrogenic 
activity, a dietary level of 0.2% cystamine 
2HCL causing only very slight spinal curvatures, 
while a level of 0.5% was rapidly lethal to most 
animals. 
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